A negative consequence of biodiversity loss is reduced rates of ecosystem functions. Phylogenetic-based biodiversity indices have been claimed to provide more accurate predictions of ecosystem functioning than species diversity alone. This approach assumes that the most relevant traits for ecosystem functioning present a phylogenetic signal. Yet, traits-mediating niche partitioning and resource uptake efficiency in animals can be labile. To assess the relative power of a key trait (body size) and phylogeny to predict zooplankton top-down control on phytoplankton, we manipulated trait and phylogenetic distances independently in microcosms while holding species richness constant. We found that body size provided strong predictions of top-down control. In contrast, phylogeny was a poor predictor of grazing rates. Sizerelated grazing efficiency asymmetry was mechanistically more important than niche differences in mediating ecosystem function in our experimental settings. Our study demonstrates a strong link between a single functional trait (i.e. body size) in zooplankton and trophic interactions, and urges for a cautionary use of phylogenetic information and taxonomic diversity as substitutes for trait information to predict and understand ecosystem functions.
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A negative consequence of biodiversity loss is reduced rates of ecosystem functions. Phylogenetic-based biodiversity indices have been claimed to provide more accurate predictions of ecosystem functioning than species diversity alone. This approach assumes that the most relevant traits for ecosystem functioning present a phylogenetic signal. Yet, traits-mediating niche partitioning and resource uptake efficiency in animals can be labile. To assess the relative power of a key trait (body size) and phylogeny to predict zooplankton top-down control on phytoplankton, we manipulated trait and phylogenetic distances independently in microcosms while holding species richness constant. We found that body size provided strong predictions of top-down control. In contrast, phylogeny was a poor predictor of grazing rates. Sizerelated grazing efficiency asymmetry was mechanistically more important than niche differences in mediating ecosystem function in our experimental settings. Our study demonstrates a strong link between a single functional trait (i.e. body size) in zooplankton and trophic interactions, and urges for a cautionary use of phylogenetic information and taxonomic diversity as substitutes for trait information to predict and understand ecosystem functions.
Background
The impact of humans on Earth has strongly increased in recent decades, leading to accelerated rates of species extinctions [1] . One important consequence of species losses is reduced rates of ecosystem processes, which can be detrimental for ecosystem functioning and the provisioning of ecosystem services [2] [3] [4] . Several studies manipulating the number of species within communities have, indeed, demonstrated a positive relationship between biodiversity and ecosystem functioning [3] [4] [5] . However, ecosystem functioning can vary when richness is held constant [5] . This variance likely results from niche and evolutionary differences among species [6] . Biodiversity indices that integrate species ecological similarities and differences should therefore improve predictions of ecosystem functioning [6, 7] .
Species often not only differ in their resource use, but may also differ in resource uptake efficiency [8] . Because of such functional differences, the local extinction of certain species from an ecosystem can have a greater impact on ecosystem functioning than the extinction of other species [9, 10] . Correctly identifying and accounting for relevant species differences in biodiversity measurements is thus a key step towards more predictive biodiversity-ecosystem functioning (BEF) research. Functional diversity indices incorporate information on one or more key functional traits and thus provide a single metric to quantify ecological similarities and differences among species, which can help elucidate the mechanisms underlying BEF [11] . However, it is often difficult to ascertain that the most relevant traits were included or to measure all relevant traits for multiple species. Phylogenetic distance has been suggested as an alternative way to account for overall species similarities and differences [6] . This approach assumes that relevant traits for ecosystem functioning are conserved along the phylogeny, with more closely related species & 2016 The Author(s) Published by the Royal Society. All rights reserved.
resembling each other more in trait values than distantly related species [12] . A number of recent studies have, indeed, provided evidence that evolutionary diversification could lead to more diversification in traits, and thus enhance ecosystem functioning [7, 13] . Nevertheless, traits mediating resource use in animals can be labile, which might obscure the relationship between phylogenetic diversity and the functioning of ecosystems, leading to inaccurate predictions [6, 14, 15] . Consequently, the relative predictive power of traits and phylogenies on ecosystem functioning will ultimately depend on which traits are measured and which traits are phylogenetically conserved or labile.
There are several ways by which trait and phylogenetic information might vary in their relative importance for explaining variation in ecosystem functioning. First, if all relevant traits for the ecosystem function are conserved along the phylogeny and were properly accounted for in a trait-based analysis, then phylogenetic-and trait-based indices should provide similar and strong explanatory power. Yet, to the extent that traits are labile, directly accounting for trait information might provide more explanatory power than phylogenetic information. If additional traits that are relevant to the ecosystem function are phylogenetically conserved, then phylogenetic information may still add to the explanatory power provided by the measured (labile) traits, such that a combined analysis of trait and phylogenetic information would be ideal [16] . Finally, if none of the traits relevant to ecosystem functioning are phylogenetically conserved, then phylogenetic information will have no explanatory power for the studied ecosystem function [12] . An experimental system that lacks conservatism in a key trait relevant to ecosystem function presents an ideal setting to test whether phylogenetic distances can represent variation in additional ecological information relevant for ecosystem functioning. In such cases, a priori selected traits and unmeasured, evolutionarily conserved traits could complementarily explain ecosystem functioning [15] [16] [17] .
Most studies assessing the role of phylogenetic diversity on ecosystem functioning have focused on a single trophic level, primary producers [7, 16] , thus hindering generalizations. Given the relevance of trophic interactions for ecosystem functioning [18] , it is an important next step to test the capacity for phylogenetic distances to predict ecosystem functions at higher trophic levels. In freshwater ecosystems, herbivorous zooplankton grazing plays an important functional role by controlling algal blooms and transferring energy and matter upwards through the food chain [18] . Body size of zooplankton has been repeatedly suggested to play a key role in topdown control of algae [19, 20] , and this trait was found to be evolutionarily labile in cladoceran zooplankton (see electronic supplementary material for details). The importance of body size for top-down control is generally attributed to grazing efficiency asymmetry (selection effect), where larger species are superior grazers (figure 1a) [19, 21] and therefore increasing community average size (CAS) might enhance grazing rates (GRs; figure 1c) [22] . Alternatively, it has been suggested that feeding niche partitioning (complementarity) between large and small zooplankton species may (co)determine top-down control on phytoplankton (figure 1b). This latter hypothesis is based on the assumption that larger zooplankton species would be more efficient grazers on larger phytoplankton, whereas small grazers would deplete small phytoplankton more efficiently (figure 1b) [22] [23] [24] . In such a case of size-related diet partitioning (complementarity), it is expected that body size diversity, not CAS, would better explain variation in GRs among systems (figure 1c). For instance, in freshwater systems, zooplankton species may strongly overlap in resource use, but larger zooplankton species are often superior grazers [19] . (b) Sizemediated complementarity happens when large and small zooplankton species explore alternative resources (e.g. large versus small phytoplankton [22, 24] ). (c) Selection effects and complementarity result in differences in the expected relationship between community trait mean and variance and ecosystem functioning. Three hypothetical communities are represented as A, B and C. Increasing average body size is expected to affect ecosystem functioning when grazing efficiency asymmetry (selection effect) is the dominant mechanism that explains differences in ecosystem functioning. This may happen independently of size diversity (i.e. from community C to A, marked by solid line). Alternatively, increasing size diversity (trait variance) within communities may enhance ecosystem functioning when complementarity is important (dashed line) [22] .
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While the relationship between zooplankton body size and GRs has been previously documented [19, 22] , the role of zooplankton phylogenetic diversity in this context has been overlooked, mainly because most previous studies focused on species of the genus Daphnia. We here broadened the taxonomic scope to test whether phylogenetic diversity provides a more comprehensive and accurate representation of species similarities and differences over multiple niche axes than body size alone, complements the information obtained from body size, or does not add any relevant information to predict grazing pressure. A strong signal of zooplankton phylogeny on top-down control would indicate evolutionary conservatism in additional, less explored functional traits that impact grazing efficiency in this system [25] .
In order to assess the relative power of functional (body size) and phylogenetic distances to predict top-down control of cladoceran zooplankton on unicellular algae, we designed a microcosm grazing experiment in which zooplankton species pairs varied independently in body size and evolutionary relationships. We combined species based on their trait and phylogenetic distances in order to reflect body size convergence (i.e. distantly related species overlapping in body size), body size conservatism (i.e. proportional trait and phylogenetic distances) or body size divergence ( figure 2 ). Specifically, we tested three key hypotheses: (i) phylogenetic distances better approximate species similarities and differences and thus provide more accurate predictions of top-down control than accounting solely for body size.
(ii) Body size and phylogeny provide complementary information on top-down control, thus higher predictive power is achieved when both body size and phylogenetic information is taken into account. (iii) Zooplankton body size is the most relevant trait and better predicts top-down control than phylogeny, and therefore, phylogenetic information does not contribute to predict grazing pressure. For each species pair, we measured GRs under standardized conditions. By comparing these community GRs with those of all species in monoculture, we could assess to what extent the observed patterns were explained by grazing efficiency asymmetry (selection effect) or by niche differences (complementarity) among species (figure 1a,b). If selection effects (figure 1a) represent the dominant mechanism driving top-down control, then we expect that CAS will better predict top-down control than size diversity (figure 1c). Conversely, if size-related complementarity is the prevalent mechanism (figure 1b), then we expect that differences in size diversity will better predict top-down control (figure 1c).
Material and methods (a) Experimental organisms and trait/phylogenetic diversity treatments
We selected species pairs from a pool of eight freshwater cladoceran species from two speciose families (the Daphniidae and the Chydoridae) that vary widely in body size and phylogenetic distances (see electronic supplementary material). Cladocerans are, in general, quite similar in their main food sources, but there are clear differences in feeding habits of Daphniidae and the macrophyte-associated Chydoride [26] . The eight species that we used in our experiments are widespread and common in Belgian ponds and shallow lakes [27] (see also electronic supplementary material). In order to test the influence of trait and phylogenetic diversity on top-down control in zooplankton communities independently of species richness, we held species richness constant at two per microcosm. We measured the GRs of different zooplankton pairs that represented four crossed levels of body size diversity (functional trait diversity, FD) and phylogenetic diversity (PD; figure 2 ). The four treatments were: (i) HIGH FD-LOW PD; (ii) LOW FD-HIGH PD; (iii) HIGH FD-HIGH PD; and (iv) LOW FD-LOW PD. For each of these four treatments, there were two pairs of species, and for each species combination, there were three replicates (for details, see electronic supplementary material, figure S2 and table S2). This orthogonal experimental design allowed us to test whether variation in GRs occurred mainly along the trait axis, mainly along the phylogenetic axis, or rather depended on the combined information of both axes (figure 2). It is important to note that different communities may have exactly the same trait diversity pattern (i.e. homogeneous size distribution; LOW FD) but differ considerably in average size (e.g. represented by communities A and C in figure 1c ). For the two treatments involving LOW FD (i.e. treatments (ii) and (iv), with low variation in body size), we contrasted two large versus two small species (see electronic supplementary material for details, table S2). This design allows us to separate the effects of CAS (i.e. large versus small; communities A and C in figure 1c ) from the effects of size diversity (represented by community B in figure 1c ).
All species were collected from communities sampled in farmland ponds and shallow lakes in Belgium, and were isolated and cultured as single clones. The experimental populations of all species were cultured for multiple generations under standardized conditions (in 500-ml glass jars, dechlorinated tap water, 208C, 14 h light/10 h dark photoperiod) prior to the grazing experiments. All studied cladoceran species are cyclical parthenogens. They produce a number of clonal offspring at intervals of approximately 2-4 days. For the grazing experiments, we used cohorts with similar-sized mature individuals to rule out trait variability within species. Body size values for adult individuals of each species were measured after each grazing experiment (see electronic supplementary material, Figure 2 . Scheme depicts the different treatments creating combinations of species pairs that differ in body size and/or phylogenetic distances. Treatment (i) represents closely related species that have diverged in size; treatment (ii) refers to distantly related species that have converged in size; treatment (iii) represents a situation of trait conservatism along the phylogeny, in which distantly related species are dissimilar in size; treatment (iv) refers to closely related species that are similar in body size. Adapted from Cadotte et al. [15] .
rspb.royalsocietypublishing.org Proc. R. Soc. B 283: 20160487 the different species used ranged from 0.52 to 3.60 mm. The species were fed with a mixture (1 : 1 ratio) of two different algae species that vary considerably in cell size, Chlorella vulgaris (approx. 3 mm) and Scenedesmus obliquus (approx. 15 mm). Both algae species were cultured in isolation with the addition of trace elements.
(b) Experimental set-up
To measure feeding rates by zooplankton assemblages on algae, which we use as a proxy for the capacity of top-down control on algae, we calculated the gross change in phytoplankton biomass in experimental units over a 24 h period. Grazing experiments were carried out in clear 250 ml glass Duran bottles. The number of individuals for each species per experimental bottle was standardized based on biomass (dry weight over 24 h/708C; see electronic supplementary material, table S3). To begin each grazing experiment, we transferred the required number of individuals (see electronic supplementary material, table S3) to experimental bottles then added an algal solution with two species, the small algae C. vulgaris and the large S. obliquus in equal proportions (1 : 1) with an initial concentration of approximately 150 000 cells per ml. We choose those algae species because they are widespread and common in freshwater systems, easy to culture under standardized laboratory conditions and because they vary considerably in cell size. Bottles were placed in a roller machine (four turns per minute along the longitudinal axis of the experimental jars) to avoid algae settlement during the grazing experiment. Control bottles (n ¼ 3 per experiment) were identical to experimental bottles but had no zooplankton. We also performed grazing experiments for all species in monocultures replicated three times.
At the start and at the end of each grazing experiment, we took a 2 ml water sample from the centre of experimental and control bottles and fixated with 110 ml formalin to count algae cell numbers afterwards. Cells were counted with the Attune w Acoustic Focusing Cytometer (Applied Biosystems TM by Life Technologies TM , Carlsbad, CA), which allowed us to measure the total number of algae cells per millilitre and to differentiate between small and large algae cells. The latter information was crucial to test whether large zooplankton species are more efficient grazers on large phytoplankton, whereas smaller zooplankton species are more efficient grazers on small algae cells, thus leading to size-related complementarity via diet niche partitioning [22, 24] .
After each grazing experiment, we removed the zooplankton from the bottles and measured total body length (excluding tail spines) of 10 individuals from each replicate using a dissecting microscope. For larger species with less than 10 individuals per replicate (see electronic supplementary material, table S3), all the individuals in a replicate were measured. To compare GRs among zooplankton assemblages, we calculated phytoplankton consumption over the period of 24 h.
(c) Statistical analysis
We calculated GRs as the total gross change in phytoplankton biomass using the following equation
where 'Dphytoplankton control' is the logarithmic difference between the phytoplankton concentration over 24 h in the control jars (i.e. control phytoplankton t0 2 control phytoplankton t1 ) and 'Dphytoplankton treatment' is the logarithmic difference between the phytoplankton concentration over 24 h in the jars with zooplankton (i.e. treatment phytoplankton t0 2 treatment phytoplankton t1 ). Using the same equation, we also calculated: (i) GR small as the gross change in small phytoplankton (C.
We first calculated phylogenetic and functional trait (body size) distances among all pairs of species used in the experiment. Phylogenetic distances among species were estimated from a reconstructed molecular-phylogenetic tree (based on maximumlikelihood) for cladocerans occurring in Belgium (for details on the phylogenetic tree reconstruction, see electronic supplementary material). Based on this phylogenetic tree, we calculated a phylogenetic (cophenetic) distance (PDist) matrix between all species pairs based on branch lengths [28] . Functional trait distances among species, the Euclidean distance between the average measured body size values, were used to construct a functional distance (FDist) matrix.
For each distance matrix, we calculated the mean pairwise distance among species in a given assemblage using the package Picante in R [29] (note that the mean pairwise distance for communities with only two species is equal to FDist and PDist). This results in a measure of trait (FD) or phylogenetic (PD) diversity within experimental bottles. The diversity measures FD and PD may reflect trait or phylogenetic complementarity if species that vary in size or evolutionary relationships exploit alternative resources (figure 1b,c) [7, 22, 30] . In addition to the variance component of size (i.e. size diversity, FD), we also calculated CAS (figure 1c). CAS may reflect grazing efficiency asymmetry (i.e. a selection effect) if differences in grazing efficiency between large versus small species (figure 1a) among communities results in different top-down control (represented by solid line in figure 1c ).
As explained above, the information captured by FD, PD and CAS reflects different mechanisms of ecosystem function, i.e. complementarity (FD and PD) versus grazing efficiency asymmetry (CAS; figure 1 ). Yet, they can also overlap in their role in explaining ecosystem functioning if they are correlated. For example, starting from a community composed of only small species (community C in figure 1c), both trait diversity and CAS can increase in the same direction (captured in the shift to community B in figure 1c ). In order to quantify the unique and shared effects of CAS, community size diversity and community phylogenetic diversity on GRs, we applied variation partitioning based on partial regressions [31] [32] [33] using PD, FD and CAS as predictors, and GR as a response variable. This statistical method separates the variation in a response variable(s) into independent contributions of predictors, shared contributions among all combinations of predictors (i.e. variation that is associated with multiple predictors, which results when predictors covary with one another), and unexplained causes of variation [31, 34] . The proportion of explained variation for each component is given by the adjusted R 2 ( adj. R 2 , an R 2 statistic adjusted to avoid type I error and consequent overestimation of the amount of explained variation [35] ). Because adj. R 2 is an estimate based on the number of variables included, negative values may occur but are interpretable as not significantly different from zero. The proportion of variation explained by each component is additive and sums to one. We considered each replicate separately and used trait-phylogenetic distances to control for non-independence among replicates (i.e. each replicate had the same value for CAS; FD and PD).
Zooplankton species show feeding niche complementarity if small zooplankton species are more efficient grazers on small algae cells and large zooplankton species are more efficient grazers on large algae cells (figure 1b [22, 24] ). To test whether this was observed in our experiment, we classified each zooplankton species as large (more than 1.5 mm; n ¼ 4) or small (less than or equal to 1.5 mm; n ¼ 4) then tested the effect of body size class on GRs (as observed in monocultures). To do this, we ran three separate analysis of variance (ANOVA), using body size as a factor and three response variables, one at a time: (i) total GRs (i.e. the entire spectrum of phytoplankton cell sizes), (ii) GRs on small algae cells, and (iii) GRs on large algae cells.
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Species interactions, such as facilitation and competition, may have non-additive consequences on ecosystem functions. To test the hypothesis that the performances of two-species communities equalled the average performance of the contributing species in monoculture we first calculated the expected GRs (GR EXP ) for each species pair by averaging the GR values of each species in monoculture. We subtracted this from the observed GRs in combination (Sp int ¼ GR OBS 2 GR EXP ), where Sp int refers to species interactions and GR OBS refers to observed GRs for a given species pair. Thus, a value of zero indicates that observed GRs are equal to what would be expected for a given species combination without any interaction, whereas positive values indicate synergistic interactions, where the two-species communities perform better than the average of the two monocultures, e.g. because of niche complementarity. Negative values indicate antagonistic species interactions, e.g. owing to interference competition. Values were transformed to percentages to allow comparisons among species pairs. We used two-way permutation univariate ANOVA [36] (package lmPerm in R) to test the effect of FD and PD on species interactions Sp int. All analyses were run in R [36] .
Results
Variation partitioning revealed that the explanatory variables PD, FD and CAS and their intersections accounted for approximately 64% of observed variation in GRs (table 1) . CAS accounted for approximately 93% of the total amount of explained variation, either as a pure effect (41% of explained variation) or shared with FD (52% of explained variation). Specifically, communities composed of larger species depleted algae more efficiently than communities composed of smaller species (see also electronic supplementary material, figure  S4 ). The pure effects of PD and FD were not significant, whereas the pure effect of CAS was highly significant (table 1) . Additionally, FD and CAS shared a large fraction of overlapping information (table 1). Phylogenetic diversity was uninformative either as a pure effect or shared with other variables (table 1) .
The ANOVA based on monocultures revealed that larger zooplankton species depleted both large and small phytoplankton more efficiently than small zooplankton (figure 3a,b; large algae: F ¼ 103, p , 0.001; small algae: F ¼ 19.42, p , 0.001).
The larger species were therefore superior grazers over the entire spectrum of algae sizes (F ¼ 49.73, p , 0.001; figure 3c ; see electronic supplementary material).
Tests of species interactions on observed GRs indicate that species combinations with high functional trait diversity performed better than expected from the measurements on individual species (table 2, see also electronic supplementary material, figure S5 ). In contrast, low functional trait diversity resulted on average in more negative species interactions (table 2, see also electronic supplementary material, figure S5 ). There was no clear effect of phylogenetic diversity on species interactions (table 2 and electronic supplementary material, figure S5 ), but we found a significant interaction between functional and phylogenetic diversity on species interactions.
Discussion
Biodiversity metrics based on phylogenetic distances are increasingly being used as a surrogate for trait differentiation in ecosystem functioning research. While there is some support for this approach [16, 17] , most of these examples are based on reanalysis of studies that were originally designed to test the effect of species richness on plant biomass production. As a consequence, previous studies had limited power to unequivocally assign the role of phylogeny independently of species and trait diversity, because all three biodiversity dimensions were somewhat correlated [16, 37, 38] (but see Cadotte [7] ). By varying trait and phylogenetic distances independently and holding species richness constant in our experimental study, we could disentangle the role of phylogeny and a key trait (body size) in determining zooplankton top-down control on phytoplankton, thus achieving strong inference power to detect the role of phylogeny if a key trait is accounted for. We clearly demonstrated that body size diversity, but especially CAS, were much better predictors of cladoceran GRs than phylogenetic diversity. We thus found no support for our first and second hypothesis that phylogenetic diversity could provide more accurate or complementary predictions of top-down control, respectively, than accounting solely for body size information in freshwater herbivorous zooplankton. We also demonstrated that large zooplankton species were superior grazers of both small and large phytoplankton cell sizes, indicating that the difference in grazing efficiency (selection effect) between small and large zooplankton species (figure 1a) was more important than niche differences (complementarity; figure 1b) in mediating trophic interactions in our experimental setting.
Studies detecting a relationship between species richness and ecosystem functions often observed a high variance in ecosystem functioning for the same number of species and could not always mechanistically explain this relationship [3, 5] . These variable results could derive from trait and evolutionary differences among species, which are ignored in taxonomic indices of diversity [6, 30] . Our study confirmed that topdown control of algae can differ substantially among species pairs and this can be explained by interspecific trait differences. By systematically contrasting functional trait and phylogenetic distances, we demonstrate that variation in a single trait, body size, predicted GRs better than measures of phylogenetic distance in this system. Thus, we found strong support for our third hypothesis that body size is a key trait determining cladoceran top-down control on unicellular algae and that phylogenetic distances do not add important information to predict grazing pressure in this system. A study of herbivorous marine amphipods where traits were not conserved along the phylogeny also found that directly accounting for traits provided better estimates of ecosystem function (resistance to invasion) than phylogeny [14] . However, our findings contrast with the results of Thompson et al. [25] , who concluded that zooplankton phylogenetic diversity was a better predictor of top-down control than diversity in body size and other functional traits in freshwater shallow lakes. One potential explanation for this discrepancy could be due to the fact that the study of Thompson et al. [25] included copepods, whereas our study focused on variation within the cladocerans. Copepods are known to differ substantially in food niche from cladocerans [26, 39] . In addition, it is often difficult to differentiate causes from consequences using observational data. Thus, two interpretations of the results of Thompson et al. [25] are actually possible: phylogenetically diverse communities, indeed, reduced chlorophyll a more strongly in natural systems, or phylogenetically diverse communities are more likely to occur in ponds with lower chlorophyll a. Although some studies have demonstrated that phylogenetic distances can predict ecosystem functioning in experimental settings [7, 13] , it is important to note that phylogenetic distinctiveness is not an ecological mechanism per se. The use of phylogenetic distances as a predictor of ecosystem functioning relies on the assumption that relevant traits are conserved along the phylogeny [12] . Ultimately, trait differentiation is the main currency linking biodiversity to ecosystem functioning [11] . Studies demonstrating that phylogeny is more important than the measured traits [17, 40] either reflect a failure to correctly identifying which traits translate into enhanced ecosystem functioning or reflect that relationships are complex and thus cannot be captured by measuring just a few traits. Flynn and collaborators [16] found that trait and phylogenetic distances complementarily explain ecosystem functioning, suggesting that measured labile traits and unmeasured phylogenetically conserved traits were both important in determining biomass production in grassland plants. In our system of herbivorous zooplankton, phylogenetic diversity became an important predictor of ecosystem functioning, along with diversity in body size, only after removing all cases of body size convergences and divergences and focusing exclusively on species combinations presenting trait conservatism (i.e. treatments (iii) and (iv) only; see electronic supplementary material). This illustrates that the potential for phylogenetic distances to predict top-down control depends entirely on body size conservatism and does not add information on relevant unmeasured traits. On the other hand, our results also show that under such circumstances phylogenetic diversity is indeed superior to taxonomic diversity in explaining ecosystem functions.
Niche differentiation (complementarity) in resource use is often invoked to explain the relationship between biodiversity and ecosystem functioning. Another plausible mechanism, however, is selection effects, where more diverse communities are more likely to include at least one dominant species [8, 41] . A recent observational study found that zooplankton body size diversity enhanced top-down control and suggested that this occurred because of niche partitioning in resource use [22] . Ye et al. [23] suggest that such a relationship emerged, because smaller zooplankton potentially consumed smaller algae more efficiently while large zooplankton predominantly grazed upon large phytoplankton. Our experiments demonstrate that the same relationship between size diversity and GRs can emerge via grazing efficiency asymmetry (figure 1a) in the absence of niche differences. This occurs because in order to have a higher value for the index of size diversity, at least one large zooplankton species must be present, and these tend to be superior grazers. In this study, we used variation partitioning and demonstrated that accounting for community average body size rather than size diversity within assemblages (FD), enabled us to better predict differences in top-down control. Specifically, communities composed of larger species performed better than communities of smaller species. The majority of studies relating trait and phylogenetic diversity to ecosystem functioning have only used variance metrics, such as FD and PD, as predictors and often suggested niche partitioning as the main mechanism determining ecosystem functioning [7, 25, 42] . As we have shown, combining variance and mean trait metrics enables better insight into the relative importance of complementarity and selection effect as determinants of ecosystem functioning [30] .
Our results also demonstrate that species interactions often have non-additive consequences on ecosystem functioning. Overall, we observed that functionally dissimilar species presented positive interactions (facilitation), while species overlapping in body size tend to present antagonistic interactions, probably owing to interference competition. In Daphnia, reduced GRs among species has been shown to result from chemical and mechanical inhibitory mechanisms [43] . Although we do not have data to further test this, our results support the idea that whatever inhibitory mechanisms of competition are at play, they are stronger among species that overlap in body size. Our study thus suggests that sizerelated grazing efficiency and size-related complementarity co-determine zooplankton top-down control on algae, but with a more important role for the former mechanism.
We used microcosm experiments to investigate the effect of functional and phylogenetic distances on top-down control. Several recent studies provided evidence that results from microscale BEF experiments are often representative of large-scale natural systems [44, 45] . The mechanisms on which our interpretation relies, which are based on traitbased selection effects and non-additive species interactions, can be easily extrapolated to other systems. Our findings may apply directly to herbivorous marine zooplankton [14] and to herbivorous terrestrial insects [30] , in which the impact of key traits on the biomass of lower trophic levels has been recently demonstrated. Additionally, our results may also be representative of other ecosystem functions, such as pollination, in which competitive asymmetry plays a larger role than complementarity [10] . The experimental approach we used, separating the role of a key functional trait and phylogenetic distances, provides exciting and promising avenues to understand how evolutionary convergences and divergences affect trophic interactions and shape ecosystem functioning. A potential limitation of our study was that it was not possible to design it so as to completely separate the role of CAS from that of phylogenetic composition. However, we performed ad hoc analysis and found that phylogenetic composition per se is not the driving force of top-down control in our experimental setting (for a full analysis of the effect of phylogenetic composition, see electronic supplementary material, figure S6) .
In order to effectively inform management in an era of accelerated extinction rates, it has been suggested that BEF research should shift from approaches based on the number of species to more accurate trait and/or evolutionary-based approaches [6, 11, 30] , which could provide more mechanistic understanding of ecosystem functioning. Our study partially supports this idea, as we have shown that body size diversity, and especially CAS, provided strong predictions of top-down control, despite constant species richness. This happens because large species are superior grazers across a range of algae cell sizes ( figure 1a ). Yet, we refuted our first two hypotheses, which are based on the idea that additional, evolutionarily conserved traits could provide added power to explain top-down control on phytoplankton. Our results illustrate the importance of pinpointing specific relevant traits to mechanistically understand and predict ecosystem functioning. Zooplankton top-down control on phytoplankton represents an important ecosystem service worldwide by controlling algal blooms, including toxic algae. Recent studies have demonstrated that increasing anthropogenic impacts, such as climate warming and chemical pollution will affect the size structure of zooplankton communities, potentially leading to a predominance of smaller zooplankton [46] . Based on our results, we suggest that to maintain zooplankton top-down control on algae, ecological conditions that favour combinations of larger, superior grazer species should be prioritized. One mechanism to do so is to reduce fish predation pressure (cf. biomanipulation as a management strategy [46] ). In summary, our study provides evidence for strong trait-based top-down control and warns against a blind use of phylogenetic and taxonomic diversity as surrogates for trait differentiation to predict and explain ecosystem functions.
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